It is a well-known fact that the choice of laboratory compaction method has an influence on the mechanical characteristics of the produced specimens and that it is difficult to reproduce in the laboratory the degree of compaction that is achieved on the road. The Marshall hammer is unsuitable for this task and as an alternative Gyratory compaction has won many adherents today. Different standards for gyratory compaction normally fix the angle for the compaction procedure at 1.0 or 1.25 .
Introduction
New forms of contracts, where requirements are expressed as performance characteristics of the asphalt mixture or of the built-in asphalt layer instead of the traditional recipe approach, are increasingly being introduced in several countries. Tests for performance characteristics can be made on laboratory compacted samples or on samples taken from the pavement. It is a well-known fact that the choice of laboratory compaction method has an influence on the mechanical characteristics of the produced specimens (1,2,3 and 4) and different results will be achieved even if the degree of compaction is the same. It is also difficult to reproduce in the laboratory the compaction as it is achieved on the road. It has in several studies been shown that the Marshall hammer is unsuitable for this task and as an alternative Gyratory compaction has won many adherents today. The standards for gyratory compaction normally fix the angle for the compaction procedure at 1.0 (CEN) or 1.25 (SHRP).
Earlier studies have shown that the angle of compaction has a great influence on the number of rotations needed to reach a certain degree of compaction. These studies have also proven that the effect is very different for different types of mixes. An example is shown in figure 1 . Figure 1 . With an increased compaction angle (1.25 to 2.0º) the number of rotations needed to reach a given density are fewer. ABS is the Swedish equivalent for SMA.
The question then arises: Do these differences in the number of rotations for different angles to achieve the same density have any influence on the mechanical characteristics of the samples? A study has been carried out and this paper, which relates to the study, gives some answers to the question.
Materials
The study has included six different types of asphalt mixes: SMA 4, SMA 16, AC 11, AC 22, AC 32 and Viacobase S. The mix designs, with one exception, are according to Swedish standards (Väg 94) which in many ways are in accordance with the proposed CEN-standards (the corresponding Swedish nomenclature is shown in brackets in table 1). The first three, with similar wording as in CEN, are mainly used as wearing courses while the last three are used as bitumen bound base course materials. The last (Viacobase S) is a special product from NCC Roads characterised by its high content of course aggregate.
Laboratory work and analyses
The mixes were produced in an asphalt plant in connection with ordinary production. The Gyratory compaction was done with a Gyrocomp from Cooper Research Technology in 
ABS16 (SMA16)
accordance with a recommendation in the Swedish method for the Uniaxial cyclic compression test (FAS Method 468-97 = the proposed CEN method prEN 12697-25A). This recommendation means that six specimens ( 150 mm and height 100 mm) for each mix have been compacted to different degrees of compaction (two per each degree of compaction) with a difference between the highest and lowest degree of compaction of 4-5 %. This has been done for each mix. The chosen angles of compaction are shown in table 1. The values are not the same for all the mixes because for some coarser mixes the angle has to be increased considerably if the degree of compaction for cores from the road wants to be reached. The number of rotations has varied between 20 and 120. 
Results
The results have been treated in several steps (a-f) and an example for one mix (AC 22) is explained in full below.
Bulk density g/cm3
Gyrocomp (number of rotations) a) For a fixed compaction angle the correlation between the number of rotations and the degree of compaction, expressed as bulk density, is determined. One of the graphs for this mix is shown in figure 2 . A linear regression equation is calculated.
b) From the linear regression equation the number of rotations that corresponds to a bulk density representing 99% of the reference Marshall density is calculated. This regression is carried out as knowledge of compaction from the field is missing, with one exception (AC 32). This latter mix is explained on page 6. c) In the same manner the correlation between the degree of compaction expressed as bulk density and permanent deformation (strain) has been calculated. An exponential regression equation is calculated. The graph is shown in figure 3 . d) From the exponential regression equation the strain that corresponds to a bulk density representing 99% of the reference Marshall density is calculated.
e) The procedure is repeated for the other angles.
f) As a last step the values for the strain and the number of rotations at different angles, but with the same degree of compaction (99 % of reference Marshall density) are then put into a new graph ( figure 4 ). This graph shows that there is a clear tendency for the strain to increase with increased compaction angle. 
SMA16
Figures 7 and 8. Deformation (strain) versus number of rotations at different compaction angles, but the same degree of compaction, for mixes AC 11 and Viacobase S respectively.
In figures 5-8 the graphs for the four other mixes are drawn up. It is very clear that we get the same basic picture for all the mixes, so our conclusions at this point are:
that with an increased angle of compaction a predetermined degree of compaction is reached with a lesser number of rotations that the fewer the number of rotations required to reach a predetermined degree of compaction the greater the deformation (strain) will be.
For the sixth mix, AC 32, a comparison has been made between the specimens compacted in the laboratory and cores from the road, taken from three different test pavements (see page 3). In figure 9 as in figure 4-8 the relation between strain and number of rotations is drawn. It is clear that the tendency is the same with increased deformation for specimens compacted with at a greater angle. But the figure also shows clearly that for this coarse mix the laboratory compacted specimens will not reach the same results as those for the road cores. At the same time it can be stated that there is no significant difference among the three rolling patterns.
The same specimens (AC 32) have, before going through the Uniaxial cyclic compression test, been tested for stiffness modulus by the indirect tensile test at a temperature of 10ºC. As can be seen in figure 10, all that has been said about the Uniaxial cyclic compression test that also goes for the stiffness modulus test.
If an extrapolation is made in the graphs in figure 9 and figure 10 it may be deducted that the angle of compaction should be so great that the necessary number of rotations to reach the degree of compaction on the road is limited to something like 10. This is a hypothesis that still has to be proven. The results are in accordance with earlier experience (1), which tells us that a kneading procedure is necessary in laboratory compaction in order to be able to reach something that is similar to the actual compaction on the road. With a greater angle in gyratory compaction the kneading movement in the compaction procedure is increased which is why the likeness to actual road compaction is better.
Conclusions
The study has proven that the angle in gyratory compaction has a great influence on the mechanical characteristics of the asphalt specimen. With a greater angle in Gyratory compaction the kneading movement in the compaction procedure is increased and the likeness to actual road compaction is better and the mechanical characteristics will be more comparable. 
